Abstract: This study estimates the effects of agricultural extension on agricultural productivity in the rural area of Uganda, i.e. Mbale district. The results show that agricultural extension service in Mbale district has a significantly positive impact on bean and rice production, gross farm revenue, and profit except for maize output. It presents several contributions of agricultural extension in Mbale district. First, both worker and allocative effects on bean and rice significantly contribute to agricultural performance, implying that both effects are crucial in this region. Second, extension service for each product shows positive effects through the allocative effect rather than worker effect. Specifically, the input-selection effect is found to be a more influential contributor than input-allocation effect in this area. Overall, the findings support the hypothesis of this paper that extension increases not only farmers' direct output, also allocative ability in crop production. The results from the three function approaches lead us to the implication that local government, development project planners or stakeholders who deliver extension in Mbale district should increase investment on public extension system for more effective extension work in order to achieve long-term goals in terms of rural development in this region.
Introduction
In many parts of developing world, agricultural growth is crucial for poverty reduction since the majority of people derive their livelihood from agricultural activities. Thus, the means of boosting agricultural production is widely acknowledged as the core strategy for escaping poverty trap [1] . In the case of Sub-Saharan Africa (SSA), strategy for overcoming this challenge mainly lies with improvement of agricultural production since 62% of the total population, excluding the population in South Africa, work in the agricultural sector for their livelihoods [2] . Sub-Saharan region accounts for approximately 26 percent of the 1.2 billion people in extreme poverty who live on less than $ 1.25 a day and 83 percent of the population who are extreme poor in SSA dwell in rural areas [3] . Meanwhile, one of the severe problems rising in this region is that productivity has not significantly increased over the decades, and its output has not kept pace with population growth [4] . In perceiving the problems of low productivity, SSA countries have been trying to adopt various methods such as high yield crop technologies, fertilizers, and irrigation systems [5] . However, adopting new technologies in Africa faces with the challenge to raise productivity directly since farmers in this region have a lack of knowledge in how to apply improved methods [6] . In other words, the low adoption rates of technologies caused by lack of information and other difficulties resulted in poor outcomes. Previous studies describe that a knowledge and skill delivery could be an integral part in farmers' capacity to generate higher growth in agricultural yield [7] .
Agricultural extension service is one of the most common mechanisms of transferring knowledge and skills to farmers as support to apply them to the real world [8] . The primary objectives of the agricultural extension service include providing information and educating them how to apply core principals of improved technologies to farm practices [9, 10] . Moreover, extension activities help farmers form group and work with many institutions with an aim of increasing productivity, and assist them to market their agricultural products [15] . Therefore, effective agricultural extension can contribute to improve productivity, increased output, and household income for the economy by bridging the gap between educational discoveries in extension providers and status in individual farmers [11] .
Previous studies found two types of gaps, i.e. technology gap and management gap, between actual and potential productivity [7, 9] . It shows that agricultural extension service is one of the most important systems that facilitate the access of farmers, value chain, and market actors to knowledge, and one of the channels to reduce the productivity differential [9] . A number of studies also found that extension has contributed to increased productivity and farm income [12, 13] . Some of the researches measured the impact of extension service by containing extension variables, such as number of extension visits and total hours of extension worker time on crop yield per hectare and reported that extension contacts significantly increased the crop production and the value of crop production [14] [15] [16] . However, various studies argue that agricultural extension has limited impacts on farm income and in dealing with agricultural productivity in many African countries [17, 18] . In other words, the effect of extension services in developing countries has been still weakly functioning.
Like a number of countries in Sub-Saharan Africa, agriculture is the important sector for economic growth and poverty reduction in Uganda, a country in East Africa. Indeed, economy in this country remains heavily reliant on agriculture. Over 85 percent of the people and 80 percent of the poor dwell in rural areas and most receive their primary source of income from subsistence agriculture [19, 20] . Although agricultural sector has taken the most important portion in the economy of Uganda, its outcome has been not successful [21] . One of the key challenges is a lack of access to information, markets, and technology for productivity improvement [6] . In Uganda, the reputation of extension was the same with the evaluation of its program in Africa. In the response of ineffective results from extension service, the government of Uganda reformed the design in NAADS (National Agricultural Advisory Services) in 2008, with an aim of transferring effective agricultural extension services to farmers in rural areas [5] . Following this shift from ineffective program to effective extension delivery, government and private organization for extension in Uganda have been undergoing a number of reforms.
Analyzing effects of extension on farm productivity in Africa countries began to be present only a few decades ago and there has been increasing attention to the role of the extension service in agricultural development. This study is a case study examining contribution of non-formal education in rural areas in Mbale district of Uganda to farmers' performance. The primary research question about the effects of extension in Uganda is if extension services raise agricultural output and assist farmers to make more revenue and profit. Generally, discomposing the effects into worker effect and allocative effect is achieved by the previous studies about the effects of formal education. Though extension does not provide formal instruction generally [22] , this paper assumes that the extension itself in Uganda works not only for an initial stage of development which is production-oriented but also for the second phase of improvement in economy that is market-oriented. Thus, this study estimate the worker and allocative effects of extension. The rest of this study has following sections: The second section presents the data and descriptive statistics and demonstrates the methodological framework, the third section summarizes the results and the last part will highlight the implications from the conclusions.
Materials and Methods

Characteristics of Study Area
The survey was conducted in Mbale District located in the Eastern area of Uganda. It is currently composed of one county with 11 sub counties and divided into a lowland, an upland, and a mountain area (UBOS, 2014). The annual population growth rate in this region was 2.5 % according to UBOS report in 2012. The total population of Mbale was estimated at 488,960 in 2014 (UBOS, 2014). In Mbale, the primary economic activity is agriculture and a number of people dwell in rural areas. The percentage of the working population in the agricultural sector was 78.2 for male and 90.9 for female while percentage of male (7.4 percent) and female (16.7 percent) in urban areas working for agriculture is lower [23] . The average percent of household surviving on subsistence farming is about 56 percent in this region. The statistics show how many households survive on farming as small scale farmers. The other key variable for demonstrating demographic characteristics of the district is household size. The average household size in Mbale is 4.4. The education attainment by age and gender is also a critical characteristic in this study. In Mbale district, less than 10 percent of both male and female are not educated while over 60 percent of the population are educated in primary school. Over 20 percent of the population attained secondary education. However, those who educated above secondary school are less than 5 percent of the population. Mbale is traditionally one of the most fertile areas for agricultural activities. The major crops grown in this district include maize, beans, rice, coffee, potatoes, millet, cassava, and maize and bean are the most common grown crops in Mbale except Northern Division.
Data collection and Challenges
The data used in this study were obtained from a sample survey of households in Mbale district in 2016. The entire sample consists of 200 farm households which are randomly selected from several villages. This survey was conducted only with each head of the households or with the spouse of the head of each household aged 18~65. The researcher explained details of this study and gave farmers enough information about the reason for the study before conducting the survey. Furthermore, the researcher told farmers in advance about any possible risks or discomforts that they might have while participating in this survey and gave them enough time to think about participation. During the whole process, a coordinator working with the researcher translated English to their local language. Each respondent was asked to report for the 2015 crop seasons on household characteristics, household income and expenditure, land holdings, quantities of crop production, sales, and home consumption, number of livestock owned by household, number of agricultural assets, transport, market participation as well as ask a few questions about extension services. For the crop production, each quantity is reported in kilograms. The gross farm revenue is calculated by multiplying the quantities of farm production of crops multiplied by their unit price. Unit price was estimated by the median price using the data from some of the respondents who recorded on the survey sheet. There were a few challenges regarding the response rates during the survey. The main rejection was made on households who did not report the necessary information such as the quantities of crop yields, income, and expenditure of the survey. In fact, these respondents were not able to remember the information. In addition, it was difficult to meet households for two reasons: they were working in the fields or visiting somewhere else. Thus, the sample used in the analysis after exclusion is 181 households.
Variables used
Three dependent variables are selected in this study to estimate the major effects of agricultural extension that only a few studies have addressed successfully [24] . Most studies analyze one or two effects because of the lack of data such as household's income and expenditure, and cost of inputs. Instead of measuring three effects of extension, a variety of studies use single crop production [25] [26] [27] . Engineering function measures the impact on quantities of crop output, for example, kilograms of maize. The gross farm revenue includes the market value of farm crops and livestock. Specifically, gross revenues from crop yields and livestock are calculated by multiplying the quantities of crop yields and number of livestock multiplied by their unit cost. During the interviews of this study, households were asked to give information about the quantities of crop production, sales and home consumption, and unit price for each crop. Profit variable is required of the data of gross farm revenue and the cost of agricultural inputs. For the explanatory variables, three factors of production are considered in this study: land, labor, and capital. Thus, land used in crop yield, man-hours of hired labor employed, man-hours of family labor, market value of agricultural assets of farmers, schooling years of household head, and a number of extension contacts are selected to analyze the effects. Land was measured as cultivable size of land. Labor included two types of labors: men hired to work and household members working on the farm. Capital was measured as the value of agricultural assets and livestock. The studies reviewed on the extension and productivity control for factors that may affect the output by including variables such as schooling and research [18] . In this study, formal schooling-year is included.
Descriptive Statistics
One hundred-two men and ninety-one women were interviewed during the survey aged 18-65. Average income from agricultural activities is 545.7 dollars in 2015, and household income from livestock is 134.8 dollars in 2015 on average. The average size of the household is 4.54, including children and average land size for cultivation is 6393.2 which is calculated to 1.58 acres (1 acre = 4046.86 ). Man-hours of hired labor is about 419 hours a year. Man-hours of family labor is about 666 hours a year; thus the average-hour of family labor during a year is higher than that of hired labor. The average schooling years of household head is about 9.87 4 of 11 years ranged from 0 to 17. This means that the average number of households in the district graduated from primary school and attended about two years of secondary school education. It is common that the farmers in Uganda have extension service. The number of extension contacts ranged from 1 to 30 and with an average of 4.67 contacts a year. The table 1 reports the descriptive statistics of this study. 
Theoretical backgrounds
According to the standard competitive theory, the perfect information assumption presents that the contribution to a factor is proportional, and marginal contribution to output is clear [28] . However, for intangible factors such as education, it is difficult to measure the return to production. As a response to this constraint, past studies argued that other factors hold constant when the marginal product of education is estimated and emphasized the two values of education: The worker effect and the allocative effect [24, 28] .
The worker effect is the own value of the marginal product of education, which refers to a worker's capacity to yield more output, given education. The allocative effect is defined as the increased capacity to select the adequate quantity of purchased resources and allocate purchased inputs and farm-supplied inputs optimally. This includes input-allocation effect and input-selection effect. The first term presents the effect of allocating three resources, purchased inputs, farm-supplied inputs and education, efficiently among competing uses and the second term represents the effect of selecting the right amount of purchased inputs. These three effects of education can be combined by value-added production function which is present as = ( , , ) − , where is the price of product , is a function of purchased input, , farm-supplied input, , and education . Assume that all farmers do not have the same capacity to allocate purchased or given inputs effectively and select the adequate quantity for the production. In this case, the allocation and selection depend on education, that is, = ( ). Further assume that the quantity of farm-supplied inputs is also a function of education, = ( ).
In considering a value-added function estimated by multiple products, assume that a farmer produces two products, and . The prices of each product can be expressed as and respectively and and are prices of and . In this case, each output is affected by the total quantities of purchased inputs , total quantities of given inputs from individual farm , and the total contact number of non-formal education, extension which is indicated as . In this theoretical framework, the quantity of used in producing each product is denoted by and and by and . For example, suppose is total amount of fertilizer used for production, a farmer use the amount of as purchased input and as supplied input to produce . Equation (1) shows value-added function by three types of inputs: 
The first and the second term indicates the own value of the marginal product of education that is referred to as the worker effect. As past studies noted earlier, the worker effect in the engineering function is the ability to produce more output with resources given at hand [24, 28] . The next three terms refer to the returns from allocating three factors, education, given inputs, and purchased inputs efficiently among alternatives. The last term shows effect of selecting the right quantity of purchased inputs, .
If a value-added production function is estimated by excluding the purchased inputs and including and as explanatory variables, the marginal value of product of education captures all the three effects. If in equation (2) is gross revenue, it can be estimated by including all three inputs , , as explanatory variables, then equals to zero, meaning that it excludes the returns from selecting purchased inputs. In other words, the marginal value of product of education from the gross revenue function estimates the worker and inputallocation effect only. The first term in (2) reveals worker effect, which can be estimated by engineering function for each crop. Following the model specifications above, we can derive input-selection effect from the difference in the marginal value of product of value added and gross revenue function. Next, the input-allocation effect can be estimated from the difference in the marginal value of product of engineering and gross revenue function. Lastly, worker effect can be measured by engineering production function.
Model Specification
This study attempts to estimate the impact of non-formal education, extension on farmers' production, revenue, and profit in Mbale district. We used the typical Cobb-Douglas production function for three crops,
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In this function, is a quintal of maize, bean, and rice production in study area, respectively, is cultivated size of land for each crop, is man-hours of available hired labor for each crop during a year, is man-hours of available family labor for each crop during a year, is the market value of agricultural assets including livestock 1 , is a continuous variable of household head's schooling year, and is number of extension contacts during a recent year. All variables are expressed in logarithmic form.
In addition, in gross revenue function, the gross farm revenue, is to be estimated in this study. Generally, the gross farm revenue indicates market value of total farm production of crops and livestock, and off-farm earnings [24] . However, this study excludes off-farm earnings and includes the market value of each crop yields and livestock.
Lastly, value-added function of the following form (5) is to be estimated in this study. The value added, in this function is gross farm revenue minus the cost of purchased inputs, such as fertilizer and seeds. In this paper, gross farm revenue minus farm and livestock expenses is used as dependent variable. The explanatory variable in this function excludes the hired labor variable as it indicates the cost of purchased input.
Results
This study firstly separated effects on farm output into three main single outputs: maize, bean, and rice production that most farmers in Mbale district grow for their home consumption and sales. A few estimates from the engineering functions had significant contributions to the maize production: land, market value of the agricultural assets including livestock, which is called capital in this study. However, the coefficient of the capital variable was found to have a negative effect. Interestingly, hired labor had significant impact only on rice output while family labor had no contribution on each output, indicating that rice significantly depends on hired labor. Education is reported as positive in maize production. However, its coefficient in the production was negative. On the other hand, extension had significant contributions with positive coefficients on both bean and rice output. The result means that this non-formal education may enhance farmer's capacity to use several technologies required, especially for bean and rice cultivation. The estimated result of engineering production functions implies that extension service itself had no impact on the maize production while its contribution is significant both on bean output and rice cultivation since maize is acknowledged as the most dominant crop to consume in the study area, most farmers may already know how to produce as much as they possibly can. However, rice may be different from maize since bean and rice have a higher value in market in Mbale district. Especially, rice is one of the cash crops in this region. The estimates from gross revenue production functions present that only land and extension variables made a significantly positive contribution on gross farm revenue. It is the general idea that if cultivated land size is larger, more output can be produced, and more products are sold in markets. Agricultural extension seems to be a crucial contributor in this environment as well. If household head attains more extension training during a year, his or her gross farm revenue will be higher in this context. However, household head's schooling year had no significant impact on gross revenue. It means informal education is more critical than formal education in terms of agricultural productivity in Mbale district. The results from the profit production approaches indicate that land, education, and extension significantly contributed to household's profit. In these functions, estimates of hired labor variable was excluded since it indicates the cost of input. Education, on the other hand, has negative coefficient with significant impact on the profit. Overall, most of the coefficients of education had negative impact on each agricultural performance. This can be interpreted that education seems to have a weak influence and poor direct impact on agricultural activities so household head's education level may not be crucial in this environment. Nevertheless, the impact of education was insignificant from the result. Since education has a cumulative effect on society, the effects could be positive in the further research. Extension service is one of critical components of rural development, and has been presented to contribute to the reduction of hunger and poverty by increasing adoption of improved technologies, and capacity of individual farmers. A number of studies noted that extension is the way to increase the crop production that leads to marketing process as well [27] . Considering the role of agricultural extension, it is no longer limited to enhance production alone. Instead, this study assumes that the information delivered by extension enables the farmers to increase capability to adopt new technologies and inputs. In Uganda, agricultural extension has reformed over the time period through a number of implementations in order to increase agricultural performance by empowering farmers to demand them. In previous research, impact of agricultural extension on higher return in the economy has been low and evaluated as an ineffective strategy to raise agricultural productivity throughout Africa. In the case of Uganda, the reputation of extension was the same with the evaluation of its program in Africa. Faced with ineffective results from extension service, the government of Uganda reformed the design in NAADS in 2008, with an aim of transferring effective agricultural extension services to farmers in rural areas [5] . Following this shift from ineffective program to effective extension delivery, this research found that delivering extension service at least in the study area are significantly effective on output increases, gross farm revenue, and profit.
The worker and allocative effects of extension service from the farmers responded to the survey reported in table 4. It presents several contributions of agricultural extension in Mbale. First, both worker and allocative effects on bean and rice significantly contributed to agricultural performance, implying that both effects are crucial in this region. Second, extension service for each product showed positive effects through the allocative effect than worker effect. Specifically, the input-selection effect was found to be a more influential contributor than input-allocation effect in this area. Overall, the findings supports the hypothesis of this paper that extension increases not only farmers' direct output, also allocative ability in crop production. The results from the three function approaches lead us to the conclusion that extension contributes to the farm output significantly through its allocative effect rather than through its worker effect. 
Discussion
The estimated results from engineering, gross revenue, and profit production functions showed that agricultural extension service had a significantly positive impact on bean and rice production, gross farm revenue, and profit except for maize output. Furthermore, agricultural extension seems to be the important contributor in generating more income and profit in the study area. The result presented is that if household's head access to extension increases, his or her gross farm revenue and profit increases. This study also estimated the effects of education in Uganda, using household's data from the survey. A number of past studies found empirical evidences that education raise agricultural output [26] . However, existing evidence on the effect of education on farm performance in Africa was not sufficient. Only few studies estimated the worker effect and allocative effect of the education on agriculture in sub-Saharan Africa countries. In addition, the impact of education on return in Africa was evaluated as an ineffective strategy to raise agricultural productivity, with the insignificant estimates. The results of this study showed that education has limited impacts on farm production and gross farm revenue as various literatures indicated. It only significantly contributed to agricultural profit. Nevertheless, negative coefficient on education did not lend much support for hypothesis of this study. As a result, decomposing effects into worker, input-allocative, and input-selection effects and comparing the marginal effects of education remained key challenges of the study. For the future research, estimating three effects of education in the study area is required since the results from each production functions except profit production functions presented that education was ineffective on agricultural activities. Moreover, measuring the effect of extension in other areas in Uganda for comparison would be remained task for further evidences.
Conclusions
The primary objective of this research was to estimate effects of extension in Uganda and see if it raises agricultural productivity with the measurement of output. Following this purpose, this study examined the contribution of extension service in rural areas in Mbale district of Uganda to farmers' performance by estimating three production functions: engineering functions, gross revenue functions, and value-added functions. In the data sets, most of the estimated results of extension were revealed to be a more critical contributor in terms of agricultural productivity in Mbale district of Uganda. This positive result that emerges from the findings is that at least extension in the study areas overcomes many challenges such as lack of response to farmers' needs and non-participatory approaches.
On the other hand, the estimated results for the formal education was mostly negative and statistically insignificant. This can be interpreted that education seems to have a weak influence and poor direct impact on agricultural activities so household head's education level may not be crucial in this environment. The researcher found the ground of the result in the real circumstances in East Africa. The education is likely to face the following constraints: lack of funding to have more capital, insufficient number of teachers, unsatisfactory qualities of classroom, lack of transport, lack of materials to teach. Nevertheless, since education has a cumulative effect on society, the effects could be positive in the further research. The researcher thus draws conclusion that impact of education on farmer's livelihood in Mbale district might be captured only a few portions of the overall contribution in the society.
